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Introduction
The problem of the deposits of resin-paraffin 

substances on the walls of pipes is known from 
the beginning of industrial oil extraction and 
transportation. But today the unique solution of this 
problem is not found. Using the experience of domestic 
and foreign researchers (Montan Universitat Leoben) 
in the field of destruction of ARPD in the bottom 
hole zone and tubing in this work the possibility of 
application of ULTRASONIC for the destruction of the 
SPO in the pipeline.

Process description
In a process termed cavitation, micron-size 

bubbles form and grow due to alternating positive 
and negative pressure waves in a solution. The 
bubbles subjected to these alternating pressure 
waves continue to grow until they reach resonant 
size. Just prior to the bubble implosion (fig.1), there 
is a tremendous amount of energy stored inside the 
bubble itself [1,2].

Temperature inside a cavitating bubble can be 
extremely high, with pressures up to 500 atm. The 
implosion event, when it occurs near a hard surface, 
changes the bubble into a jet about one-tenth the bubble 
size, which travels at speeds up to 400 km/hr toward 

the hard surface. With the combination of pressure, 
temperature, and velocity, the jet frees contaminants 
from their bonds with the substrate. Because of the 
inherently small size of the jet and the relatively large 
energy, ultrasonic cleaning has the ability to reach 
into small crevices and remove entrapped soils very 
effectively (fig.2).

Analysis of the possibility of using stationary ultrasonic devices for prevent occurrence of resinous 
paraffine sediments, intervals between devices along the pipeline installation, values of optimal 
frequencies are shown in this work. Also considering the possibility of using mobile ultrasonic 
devices and developing an ultrasonic cleaning pig.
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Fig.1. Illustration of an imploding cavity
in a liquid irradiated with ultrasound

formation of a bubble at 
the surface under a layer

separation piece of film from
the surface at pulsation bubble

Fig.2. Scheme of delimitation of asphaltic resinous paraffine sediments (from pipe wall)
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Equipment
The basic components of an ultrasonic cleaning 

system include a bank of ultrasonic transducers 
mounted to a radiating diaphragm, an electrical 
generator, and a pipe filled with oil. A key component 
is the transducer that generates the high-frequency 
mechanical energy. There are two types of ultrasonic 
transducers used in the industry, piezoelectric and 
magnetostrictive. Both have the same functional 
objective, but the two types have dramatically 
different performance characteristics [3].

Piezoelectric transducers are made up of several 
components. The ceramic (usually lead zirconate) 
crystal is sandwiched between two strips of tin. 
When voltage is applied across the strips it creates a 
displacement in the crystal, known as the piezoelectric 
effect. When these transducers are mounted to a 
diaphragm (fig.3) on the walls or bottom of a tank, 

the displacement in the crystal causes a movement of 
the diaphragm, which in turn causes a pressure wave 
to be transmitted through the aqueous solution in 
the tank. Because the mass of the crystal is not well 
matched to the mass of the stainless steel diaphragm, 
an intermediate aluminum block is used to improve 
impedance matching for more efficient transmission 
of vibratory energy to the diaphragm. The assembly 

is inexpensive to manufacture due to low material 
and labor costs. This low cost makes piezoelectric 
technology desirable for ultrasonic cleaning. For 
industrial cleaning, however, piezoelectric transducers 
have several shortcomings.

The most common problem is that the performance 
of a piezoelectric unit deteriorates over time. This 
can occur for several reasons. The crystal tends to 
depolarize itself over time and with use, which causes 
a substantial reduction in the strain characteristics of 
the crystal. As the crystal itself expands less, it cannot 
displace the diaphragm as much. Less vibratory 
energy is produced, and a decrease in cavitation 
is noticed in the tank. Additionally, piezoelectric 
transducers are often mounted to the tank with an 
epoxy adhesive (fig.4), which is subject to fatigue 
at the high frequencies and high heat generated 
by the transducer and solution. The epoxy bond 
eventually loosens, rendering the transducer useless. 
The capacitance of the crystal also changes over time 
and with use, affecting the resonant frequency and 
causing the generator to be out of tune with the crystal 
resonant circuit [4,5].

Fig.3. Piezoelectric transducers on 
a radiating diaphragm

Fig.4. Two different styles of piezoelectric 
transducers. Both are epoxied to the thin 

radiating diaphragm

Fig.5. Experimental setup
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Experimental installation
Figure 5 represents the photo of the experimental 

setup. One of the main purposes of experimentation 
is a clear show of that with the help of ultrasonic you 
can clean surface. In addition it is very important to 
set the parameters of ultrasound, in which perished 
cleaning for each on-were acquired in different 
settings. For this experiment uses the open cube 
(3.5 x 4.5 x 4.5) cm from plexiglas. To the bottom of 
the cube attached piezoelement.

To commit the changes in the sample uses a 
high-speed camera (speed shooting up to 700 
thousand frames per second). To ensure the necessary 
permissions on camera mounted microscope. Lamp 
provides adequate illumination of the sample.

The impact on the sample will be provided via 
the piezoelement with the help ultrasonic generator 
waves and amplifier.

To find the resonant frequency of the system 
applies oscylograph (fig.6).

For the experiment was selected frequency 
70-75 kHz, since when it has the highest resonance. 
Then began the impact on the sample. His time was 
determined by the number of cycles for example, 
if the frequency 75 kHz we had the impact in one 
second, then installed 75 thousand cycles etc. 
Within the framework of this experiment impacts 
more than thirty seconds were not conducted. This 
is largely due to the fact that at a high resolution 
camera is its ability to record video files declined 
to 0.7 seconds. And because of cavitation bubbles 
are small (50-500 nm), to consider them only in 
case of significant increase.

Samples for the experiment were provided with 
the existing pipeline MN Tuimazy-Ufa -3197 km, 
pumping station «Cherkasy». The experiment was 
exactly the same as described above. Resonant 
frequency was 75 kHz, amplitude 10 V, one impact 
is not more than 10 seconds (fig.7).

After 3-5 seconds of exposure, the water was muddy 
and focus the camera became impossible (fig.8).

The effect was realized cycles for five seconds. 
After one impact water in cube was changed. Just 

had six cycles or thirty seconds. The photo shows the 
results in the form of plate before, during and after the 
experiment (fig.9).

The results suggest the possibility of application 
of ultrasonic waves for purification of paraffin from 
surfaces

System overview
It is planned to use the ring resonator, mounted 

directly on the pipeline. For effective influence 
on paraffins, must be installed several stations 
ultrasound. their number depends on the effective 
zone of influence of one station. electricity supply 
is carried out through the main cable laid along the 
pipeline (fig.10).

Conclusion
Ultrasound can be effective in combating deposits. 

But for its correct and rational use need to solve a 
number of tasks, such as:

- adapt theultrasonic equipment for pipelines;
- to find the optimal frequency for specific oils;  

     - to find the real maximum effective ranges.

Fig.6. Finding the resonant frequency of the system

Fig.7. The sample is drawn on the plate 
in cube for testing
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Fig.10. Principal scheme

Fig.9. Form of plate before, during and after the experiment
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Fig.8. Muddy water
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Применение ультразвука для предотвращения 
асфальтено-смоло-парафинистых отложений 

при транспортировке нефти по трубопроводу

Х.Хофстаттер, M.Павлов, Б.Maстобаев
(Горный Университет Леобена, Уфимский Государственный 

Нефте-Технологический Университет)

Реферат

В данной работе приводится анализ возможности использования стационарных уль-
трозвуковых (УЗ) приборов для предупреждения образования AСПО, периодичность их 
установки по длине трубопровода, значения оптимальных частот. Так же рассматривается 
возможность использования переносных УЗ приборов и создание прибора для внутренней 
очистки трубопровода в потоке жидкости.

Neftin boru kəmərləri ilə nəqli zamanı 
qətran-parafin çöküntülərinin qarşısının 

alınmasında ultrasəsin tətbiqi

H.Hofstatter, M.Pavlov, B.Mastobaev
(Leoben Dağ Universiteti, Ufa Dövlət 

Neft-Texnologiya Universiteti)

Xülasə

  Məqalədə qətran-parafin çöküntülərinin yaranmasının qarşısını alan stasionar ultrasəs (US) 
cihazlarının istifadə imkanları, onların boru kəməri boyunca quraşdırılması intervalları, optimal 
tezlik qiyməti təhlil edilir. Eyni zamanda daşına bilən US cihazlarının istifadəsinin mümkünlüyü 
və maye axınının içində boru kəmərlərinin daxili təmizlənməsi üçün cihazın yaradılması 
imkanları nəzərdən keçirilir.
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